Purpose The health related quality of life (HRQoL) outcomes of total hip arthroplasty (THA) present a pertinent and clinically important problem in modern orthopaedics. Our goal was to report and compare the health-related outcomes after THA in respect to type of fixation in patients with hip osteoarthritis (H-OA) one year after operation. Methods A total of 145 patients with H-OA who received THA were evaluated. Uncemented and cemented subjects were evaluated using generic measures, i.e. the EQ-5D
Introduction
Hip osteoarthritis (H-OA) is one of the most prevalent agerelated musculoskeletal disorders and the most common diagnosis that leads to total hip arthroplasty (THA) [1, 2] . Osteoarthritis of the hip may cause severe impairment which reflects pain and functional disability and strongly affects the HRQoL [3] . However, these limitations may be markedly improved by elective THA [4] . From the public health point of view, THA is one of the most effective and the most costeffective surgical procedure [5] . However, THA is associated with undesireable, life-threatening outcomes [6, 7] . Therefore, by applying appropriate criteria, THA should be performed only on those patients in whom conservative therapy cannot achieve painless mobility [8] . In view of the medical expenses and undesireable health outcomes of this procedure, there has been a considerable effort to prevent and treat the H-OA as a primary underlying cause in recent times [9] . On the other hand, it is generally considered that the risk of arthroplasty is lower than the risk of the potential damage that the late phase of H-OA or rheumatoid arthritis (RA) [10] .
There are many unclear views about THA-related health outcomes with respect to socio-economic value [11] [12] [13] [14] , medical characteristics of patients [15] , hospital volume [16, 17] , type of rehabilitation [18] , etc. In addition to professional discrepancies towards these aspects, orthopaedic surgical practice is also not consensual on the choice of endoprosthetic fixation or the surgical access to hip [19, 20] .
In the context of choice of endoprosthesis, the research on the advantage of certain fixations is mostly focused on the long-term outcomes, especially on the aspect of endoprosthesis survival [2, 21] that does not only depend on the type of fixation, but also largely depends on the lifestyle of each particular patient. Clinical parameters have been traditionally used to measure the outcomes for THA, but recently there is a consensus that patient-reported HRQoL outcomes should be primarily used in a research and clinical practice setting [22] . Although both clinical measurements and patientreport outcomes have been systematically reviewed, the optimal fixation method has not yet been defined, and further investigations have been recommended [23] . There is still a lack of data on the short-term outcomes of THA procedures, as assessed using a comprehensive approach which combines generic and disease-specific patientreported measures [3, 24] .
Until recently, cement endoprosthesis was a first choice of many surgical practices worldwide, but it has been steadily replaced by uncemented implants, although there has not been unanimous evidence presented on which method has clear advantage, if any [20, 25, 26] . The choice of endoprosthetic fixation is generally based on the characteristics of each individual patient and on the personal experience of the surgeon; however, that choice is not always determined by strict medical reasons, but rather on the availability of certain type of endoprosthesis, regardless the agreement of the surgeon.
Based on our pilot study that was conducted prior to this research, this problem is largely present and identified in Croatia and similar difficulties have been recognised internationally. Therefore, we decided to execute this research effort in order to illuminate and detect relevant determinants of hip fixation. This is the first study of this kind conducted in the Republic in Croatia and the first one that uses a uniquely designed study methodology.
Methods
This was a cross-sectional cohort study. The study design was a prospective follow-up and "before after" design with preoperative measures and a postoperative follow-up after oneyear. The study was designed in an innovative way by using two types of questionnaires: one used as a validated generic scale related to general health patient-reported outcomes, EQ-5D [27] , and the other an author-designed disease-specific questionnaire, THAQ, from which the sets of questions were selected for analysis. THAQ is an author's original assessment tool that evaluates sociodemographic, functional and rehabilitation characteristics of THA patients. Our main sample consisted of 145 patients enrolled during the period of one year at the Department of Orthopaedic Surgery, University Hospital Split, Croatia. Patient inclusion criteria were the following: (1) elective primary THA, (2) patients with primary H-OA, (3) patient's age older than 18 years and (4) ability to complete self-perceived questionnaires. The data on patients with H-OA who underwent uncemented or cement THA have been evaluated prospectively to determine potential differences in HRQoL outcomes between matched groups.
All of the patients who underwent the THA surgical procedure have received: thromboprophylaxis (low molecular weight Heparin and Xlexan, pre-and postoperatively), antibiotic prophylaxis (Rocefin, pre-and postoperation), anaesthesia (epidural or general), endoprosthesis (cemented or uncemented) and one to two units of blood in addition to analgesic treatment with tramadol. The hip was surgically accessed posteriorly or laterally. Data were collected by two investigators during the pre-operative consultations and at one-year follow-up visit.
Statistical analysis included chi-squared and MannWhitney U tests to ascertain the significance of the crosssectional differences between groups on our main sample. Single scale scores of the EQ-5D and the THAQ were treated as categorical outcomes. Pain and general health were continuous variables. In order to further investigate the correlation of fixation type and health related outcomes, an additional analysis of the subset of patient population was performed (n =76) that had included primary H-OA only as the main diagnosis and that differed in age the least. This sample is also matched in terms of type of endoprosthesis so that both groups were nearly equally represented. With respect to age, the bottom two categories were exclusively isolated into all patients that were 64 years or younger and patients 65-69 of age with primary H-OA. In this way, possible age-discriminatory effects on health related outcomes were minimised. In addition, two indexes have been introduced: a PAIN INDEX which characterises patient's painrelated health outcomes (THAQ, items 56-60) and a FUNCTIONALITY INDEX that characterises patient's functional abilities in terms of mobility (items 61-66). KolmogorovSmirnov test, to determine the distribution quality, and MannWhitney U non-parametric test were used to detect the possible differences between cemented vs uncemented groups on a subset sample. Correlation studies have been tested via bivariate Pearson coefficient at 95 % confidence level. Significance was obtained at a 2-tailed level.
Results
Sociodemographic characteristics of our main sample (n =145) of patients with H-OA are reported in Table 1 . Most common comorbid diagnosis was hypertension in 53 (37.1 %), dyslipidemia in 27 (19.3 %), diabetes in 24 (17.1 %) and peripheral vascular disease in only eight (5.8 %) patients.
Cemented fixation was more commonly used than uncemented, i.e. 100 cemented (69.0 %) vs. 45 (31.0 %) uncemented implants. A direct transgluteal approach was the most commonly used in 128 H-OA patients (88.3 %) and an anterior approach in the smaller group of patients (17, 11.7 %). Significant differences in sociodemographic and vital parameters were found pre-operatively between uncemented and cemented groups of patients (Table 1) with respect to age (p ≤ 0.001). Uncemented cases were statistically younger than cemented patients (73.3 % of subjects in uncemented groups and 13.0 % of cemented patients were under 64 years; 74 % cemented and 17.8 % uncemented subjects were 65-74 years of age).
Statistical differences between the cemented and uncemented groups and relative change between preoperative measures and those measures at one-year after discharge on the EQ-5D scale are reported in Table 2 . At one year after operation, not preoperatively, statistically significant differences between the two groups (p =0.021) in the total EQ-5D INDEX score (consisting of five dimensions: mobility, self-care, usual activities, pain/ discomfort and depression/anxiety, plus EQ-5D VAS ) were found; cemented subjects reached lower scores on the EQ-5D INDEX than uncemented subjects. Results show that a statistically higher number of cemented subjects exhibited persistent problems in two dimensions of the EQ-5D scale at one-year follow-up: self-care (p =0.043) and pain/ discomfort (p =0.004).The proportion of patients with persistent, unfavourable pain/discomfort outcome at one-year postoperatively on the EQ-5D scale was 16.0 % in cemented and 0 % in the uncemented group.
No statistical differences for EQ-5D INDEX , all five dimensions of EQ-5D and EQ-5D VAS between the two groups were found at admission, although the clear clinical differences in all five single scale scores on EQ-5D already existed preoperatively. Self-care problems persisted in 23.0 % of cemented and 8.9 % of uncemented subjects one-year after operation. No statistical differences, but evident clinical changes were observed in mental health status between the two groups; 90.0 % of cemented subjects reported symptoms of depression/anxiety at admission and 27.0 % at one-year follow-up in contrast to 77.8 % and 13.3 % in the uncemented group. Cemented subjects exhibited worse scores in usual activities pre-operatively; 100.0 % cemented and 91.1 % uncemented patients had problems performing daily life activities as compared to 27.0 % and 22.2 % one year after THA.
Examining the dimension of functionality on THAQ, we found a significant difference between uncemented and cemented subjects pre-and postoperatively, with no significant differences for pain dimension on THAQ and THAQ VAS , in contrast to pain on EQ-5D postoperatively. The mean value of pain intensity was 8 points on THAQ VAS . Patients from both groups estimated pain intensity more than level 4 on VAS at referral. No statistical differences between the two groups were found for pain intensity on VAS pre-operatively, but they differed clinically. In the cemented group 33.0 %, 39.0 % and 14.0 % of patients were given 7, 8 and 9 points on VAS; in contrast to the uncemented group where 28.9 % and 46.7 % gave 7 and 8 points and only 4.4 % patients gave 9 points on VAS. Postoperatively, none of patients in the uncemented group reported pain intensity above level 3 on VAS, while 10.1 % of cemented patients reported pain intensity above level 4 on VAS. In total, 16.0 % of cemented patients experienced persistent pain at one year after operation, and 9.0 % of patients had difficulties dealing with pain while performing daily activities. All patients from both groups could control their pain with analgesia postoperatively, in contrast to 66.7 % uncemented and 64.0 % cemented at referral. The statistically significant differences between uncemented and cemented THA patients were found pre-operatively in respect to climbing the stairs; 56.0 % of cemented and only 31.1 % of uncemented patients could not climb up the stairs.
The great majority of cemented THA subjects (79.4 %) had used orthopaedic devices in contrast to 42.2 % in the uncemented group; the uncemented group scored better while using public transportation (44.4 %) as compared to the cemented subjects (26.0 %). No differences in tying shoelaces, climbing stairs, getting up from bed or using public transportation were found between groups postoperatively. None of the patients had experienced pain disturbing their sleep one year post THA. Clinical, but not statistically significant, differences were found for functional activities between groups; 88.9 % of uncemented subjects performed walking distance more than 800 metres post THA, in contrast to only 63.0 % of cemented subjects. In addition, 13 % of cemented subjects and only 6.7 % of uncemented patients still used orthopaedic devices at one year follow-up. The rate of THA complications was recorded such that 9.7 % of patients (14) had superficial wound infection while no cases of deep wound infections occurred. Early dislocation occurred in only three cases (2 %), while there were no cases of pulmonary embolism and no fatal outcomes. Epidural anaesthesia was received by 124 patients (87.3 %) and all of the patients (100 %) received thrombolytic/antibiotic prophylaxis.
In our study of population subsets (Table 3 ), a total of 76 patients taken from the main sample, 36 (47 %) of them with uncemented and 40 (53 %) with cemented fixation; 44 (58 %) patients were 64 years or younger, 32 (42 %) were 65-69 years of age, while the mean age was 60.5 years. A clear statistical difference between groups for pain and discomfort (p =0.003, Fig. 1 ) and a respectable difference for self-care (2-tailed p =0.056, 1-tailed p =0.028) were found. The uncemented group scored clinically but not significantly better results on EQ-5D INDEX and EQ-5D VAS than the cemented group, with overall health state assessment being 71.81 % for uncemented and 68.38 % for cemented subjects. In respect to THAQ dimensions, such as pain and mobility, no significant differences were found between cemented vs. uncemented groups. Perioperative dimensions of THAQ such as physical therapy and duration of hospital stay have shown significant correlation with the PAIN INDEX with values p =0.006 and p =0.005, respectively. Patients who started therapy on the bed, immediately following THA, had significantly lower pain, regardless of the type of fixation.
Discussion
Our study of the main patient sample showed that uncemented subjects reached significantly better outcomes on pain/ discomfort and self-care dimensions of EQ-5D and functionality dimension of THAQ. We argued that this could partially be influenced by the asymmetrical age distribution between the two groups, since most of the younger patients received uncemented fixation. Therefore, additional analysis of the subset with reduced age extremities showed no significant difference between the two groups regarding the functionality on THAQ, but the statistical difference on pain/discomfort and self-care dimensions of EQ-5D remained. Additionally, uncemented subjects scored better results on EQ-5D INDEX and on EQ-5D VAS , clinically, but not significantly.
Both methods, cemented and uncemented, scored significant improvements in postoperative HRQoL outcomes compared to the ones at admission, including all five dimensions of EQ-5D and pain/functionality dimensions of THAQ. Similar to other studies [28, 29] , our data showed that elimination of pain, restoration of functional mobility and general [2, 3, 12, 20, 21, 30] . In our study none of our patients reported severe pain intensity on VAS scale postoperatively, which is in contrast to previous findings [31] that report that up to 30 % of patients use analgesics on a regular basis following the THA. However, a certain proportion of our patients did have persisting pain (24 % of total, out of which 7 % had pain that hindered their daily activities) which is in accordance with the findings of Beswick et al. [31] who report that a significant proportion of patients had persisting pain remaining after THA. However, in all of our cases pain could be controlled by medication and did not cause problems sleeping. A potential weakness of our study is that we did not inspect which proportion of patients were taking analgetics on a daily basis, leaving this to be further examined. In accordance with the findings in literature [21] , including the Swedish Register of Arthroplasty (SHAR) [2] , we did not find correlation of early complications with the type of endoprosthesis.
Cemented and uncemented fixations both excelled in their own domains-cemented being the choice in older patients that are less mobile and exhibit sedentary lifestyles, and uncemented, which has been used in younger patients with more active lifestyles [2] . However, clear and standardised criteria for choosing non-cemented fixation over cemented has not been established. Aseptic loosening and increased risk of possible revision, we assume, is the main reason why specialists choose more expensive noncemented fixation, although there are no clear indicators that it is a superior method and pertinent literature offers no consensus on this issue [21, 32, 33] . Practical experience in the field suggests that the specialists tend to make their choice on endoprosthesis type based on availability and cost. Our data suggests that the main inclusion criteria for the type of the fixation was age.
A potential weakness of this study is the absence of randomised patient selection; however, the selection of candidates for rigorous surgical procedures such as THA is not always a simple endeavour in real-time practice. Therefore, the "gold standard" practice in orthopaedics was followed, which is supported in literature by pertinent systematic reviews, indicating that the randomised controlled trial (RCT) studies are difficult to perform and are not synonymous with the truth in orthopaedic care for patients. This could possibly mean that non-RCT trials (prospective clinical trials) with adequate follow-up and measurement could set the gold standard in orthopaedic care [21] . Our effort to resolve age-related asymmetry in respect to type of fixation resulted in the subset analysis that has been reported.
Recent literature has shown that the THA outcome results differ when different assessment instruments are used [34] . To the best of our knowledge, no previous studies have used these two HRQoL instruments with a comparable one-year period, making this exact kind of dual scoring system a methodologically original contribution to the assessment of HRQoL outcomes after THA [11, 23, 31] .
Based on recent evidence, we argue that each existing questionnaire has its own strengths and limitations, and an optimal self-reporting mechanism has not yet been reached, which opens the question of instrumentation sensitivity; this should be examined in further studies [23] .
In summary, we suggest that the choice of fixation should not be emphasised to the current degree in literature. Prevention of osteoarthritis and the overall health care, which will ensure elimination of undesirable outcomes, of which some are life threatening, are more important predictors of HRQoL outcomes after THA than the type of fixation alone. Fig. 1 Mean pain/discomfort as one of the EQ-5D dimensions in respect to type of total hip arthroplasty (THA) fixation
